patients with the lowest educational status. Increasing educational levels significantly improved the M-MMSE performance in both genders. Conclusion: All 3 versions of the M-MMSE are valid and reliable as a screening tool for dementia in the Malaysian population, but at different cutoff scores. In those with the lowest educational background, genderadjusted cutoff scores should be applied.
Introduction
The Mini-Mental State Examination (MMSE) was developed by Folstein et al. (1975) [1] as a brief cognitive screening tool which allows serial assessment and monitoring of the cognitive function of patients with dementia over time. Despite criticisms that it heavily relies on verbal memory, it still remains one of the widely utilized clinical screening tools in the diagnosis of dementia. Using a cutoff score of 24, the English version of the MMSE has a sensitivity of 84% and a specificity of 80% in detecting dementia across different age groups [1] . However, validation studies in other non-English-speaking ethnic groups have reported differing sensitivities and specificities [2] [3] [4] . These differences are not merely due to variation in the native language but also the result of cultural influences [5, 6] . Furthermore, the educational levels may also affect the results of the MMSE within a specific community [5] [6] [7] [8] [9] , hence the need for each country or community to have its own validation study to determine the optimal cutoff scores in the diagnosis of dementia.
Malaysia is a multiracial country with a population of 27.17 million comprising mainly Malays (60%), followed by Chinese (35%), Indians (mainly Tamil-speaking) (5%) and other native races ( ! 1%) [10] . Although English is widely spoken, the predominant language is Malay. Also, when other Malay-speaking regions in Southeast Asia such as Indonesia, Brunei Darussalam, Singapore, southern Thailand and the southern Philippines are included, the total Malay-speaking population is estimated at 300 million people [11] . Although the Malay version of the MMSE (M-MMSE) is available and has been previously used in studies involving the Singaporean-Malay population [12, 13] , it has yet to be validated. To date, there has been no study looking at the optimal cutoff scores for the M-MMSE among the Malay-speaking community. Therefore, this study was conducted primarily to validate and determine the optimal cutoff scores for 3 different versions of the M-MMSE [serial 7 (M-MMSE-7), serial 3 (M-MMSE-3) and spell 'dunia' backwards (M-MMSE-S)] in the diagnosis of dementia among Malaysians and secondarily to study the effects of gender and education on the M-MMSE performance in our population.
Methods
This case-control study involved healthy controls from the urban (n = 97) and rural communities (n = 130) and patients with dementia (n = 73) from 2 major teaching hospitals (University Kebangsaan Malaysia Medical Center and University Malaya Medical Center) in Malaysia between 2004 and 2007. Patients aged from 57 to 75 years attending the neurology and dementia outpatient clinics in both centers were interviewed by neurologists or psychiatrists and those who fulfilled the Diagnostic and Statistical Manual of Mental Disorders IV criteria for dementia were invited to participate. The controls were age-matched normal individuals from the rural communities from 3 states in Malaysia (Negeri Sembilan, Pahang and Selangor) and those attending the hospital for reasons other than dementia. Prior informed consent was obtained from all patients. The patients were excluded if their ability to speak Malay was poor or if they were clinically depressed or delirious. Baseline demographics including educational background, native language and comorbid illnesses were obtained at the initial assessment.
Instrument: M-MMSE
This is an 11-item instrument, obtained by forward and back translation of Folstein's MMSE, by researchers who were fluent in both the English and Malay languages. The phrase 'no ifs, ands or buts' was replaced with the phrase 'tidak mungkin dan cukup mustahil', which conveys a similar meaning. Three scoring methods of the M-MMSE were used, differing only on a single discriminatory item. M-MMSE-7 tested the ability to perform serial 7; M-MMSE-3 evaluated the ability to perform serial 3, and M-MMSE-S assessed the ability to spell the word 'dunia' backwards, in replacement of the word 'world'. The total score for all 3 versions was 30. The researchers administering the M-MMSE were blinded to the original clinical diagnosis given. To eliminate practice effects, assessments of the 3 versions of the M-MMSE were made by substituting the relevant discriminatory item (serial 7, serial 3 and spell backwards) for each version. None of the other items were repeated.
The study was conducted following approval from the research ethics board of both institutions participating in the study.
Statistical Analysis
Data were expressed as means 8 SD or percentages. Comparison between groups, gender and educational backgrounds was performed with the Kruskal-Wallis and Mann-Whitney U tests. Correlations were obtained using Pearson's or Spearman's correlation coefficients. The internal consistency of all 3 versions of the M-MMSE was assessed by Cronbach's ␣ for the total scale and each individual item. In order to determine the optimal cutoff scores, receiver operating characteristics (ROC) curves were obtained for all 3 scales for the overall group and for each gender. The ROC curve plots the sensitivity versus 1 -specificity for every possible cutoff score. The optimal cutoff score is determined visually by assessing which score combines the maximal sensitivity with the optimal specificity. The scale with the largest area under the curve is better in distinguishing between patients with and without dementia. In addition, positive and negative predictive values were measured for different cutoff scores in the central range of the scale scores. All analyses were performed with the SPSS software package, version 14.0 (SPSS, Chicago, Ill., USA).
Results

Patient Characteristics
Three hundred subjects participated in this study; of these, 73 (24.3%) had a clinical diagnosis of dementia based on criteria of the Diagnostic and Statistical Manual of Mental Disorders IV and 227 (75.7%) were controls. There were 44 men and 29 women in the dementia group and 123 men and 104 women in the control group. All patients in the dementia group had Alzheimer's disease, except for 1 patient who had vascular dementia. The patients and controls were matched in terms of age, sex and educational levels. The higher percentage of Malays in the control group most likely represents the actual racial distribution within the community sampled and partly reflects the sampling bias related to linguistic proficiency ( table 1 ) . Fifty-six percent of our patients had stable underlying medical illnesses such as hypertension (17.3%), diabetes mellitus (8.6%), heart disease (6.6%), previous stroke (2%) and others (15%) like asthma, gout and prostatic symptoms.
Baseline M-MMSE Performance
All 300 patients completed the M-MMSE-7, 160 participants (140 controls and 20 with dementia) completed the M-MMSE-3 and 145 patients (130 controls and 15 with dementia) completed the M-MMSE-S. One hundred and four patients completed all 3 versions. The mean scores for M-MMSE-7, M-MMSE-3 and M-MMSE-S were significantly lower in the patients with dementia compared to the controls ( table 1 ) . Subscore analysis revealed significant differences between those with and without dementia in all items of the MMSE except naming ( table 1 ).
Educational Background and M-MMSE Performance
In the control group, the subjects with primary education had significantly lower mean scores for all 3 versions of the M-MMSE compared to those with secondary or higher educational backgrounds ( table 2 ). The mean M-MMSE scores were significantly better in females with secondary or tertiary education, compared to those with primary education only. Having secondary or tertiary education did not significantly affect the M-MMSE scores in females. In males, the mean scores for M-MMSE-3 and M-MMSE-S improved significantly and progressively with higher educational background. For M-MMSE-7, the findings were similar to those in females. In the dementia group, no significant gender or educational differences were observed.
Gender Influence on M-MMSE Performance
In the control group, the mean scores for all 3 versions of the M-MMSE were significantly lower in women compared to men ( table 3 ). When stratified by educational level, significant gender influence on the mean M-MMSE scores persisted only in those with primary or lower education. There were no gender differences in the mean M-MMSE scores in the subjects with secondary or higher educational background.
M-MMSE Performance Based on Single Discriminatory Item Difference
One hundred and four patients completed all 3 versions, which essentially involved replacing a single item of the M-MMSE consecutively in the order of serial 7, serial 3 and spell backwards. None of the other M-MMSE items were repeated.
In the control group (n = 103), the mean scores were 27.1 8 2.3 for M-MMSE-7, 28. 
Reliability and Validity of M-MMSE
The internal consistency coefficient was obtained for the 12 items as shown in table 4 . In view of the significant gender effects, Cronbach's ␣ was determined for both males and females, for each of the 11 items (except for 'naming') for all 3 versions of the M-MMSE. Cronbach's ␣ 1 0.70 for the total scale (M-MMSE-7, M-MMSE-3 and M-MMSE-S) in both males and females indicates that the items are sufficiently homogenous ( table 4 ). In terms of the validity of the M-MMSE, all items were significantly associated with dementia. The mean scores for all 3 versions of the M-MMSE were significantly lower in the dementia compared to the nondementia group. The ␣ coefficient was 1 0.70 for M-MMSE-7 and M-MMSE-3, when stratified by educational background. For M-MMSE-S, a lower Cronbach ␣ was obtained in females with secondary education and males with tertiary education ( table 4 ).
ROC Curves
The optimum cutoff score for detecting dementia and no dementia can be obtained visually from the ROC curve. Gender-based ROC curves were obtained for all 3 versions of the M-MMSE and the optimal cutoff scores and ROC analysis for each version, for both genders, are presented in table 5 .
Discussion
This validation study showed that all 3 versions of the M-MMSE are valid and reliable in the diagnosis of dementia in our population, but at different cutoff scores. In addition, the optimal cutoff scores for each version differed significantly between the genders. Males had significantly higher cutoff scores for all 3 versions of the M-MMSE compared to females. For M-MMSE-7, the optimal cutoff score was 23/24 for males and 19/20 for females, whereas for M-MMSE-3, the values for males and females were 22/23 and 18/19, respectively. For M-MMSE-S, the optimal cutoff score was 19 for males and 18/19 for females. M-MMSE-3 and M-MMSE-S had the highest sensitivity and specificity for the diagnosis of dementia in our population even after adjusting for gender, but at lower cutoff scores compared to the conventional M-MMSE-7. For each version, substituting the appropriate discriminatory item resulted in significantly different mean scores, which explains the variation in the optimal cutoff scores obtained.
Although the main purpose of this study was to validate the 3 versions of the M-MMSE, we observed significant differences in the M-MMSE performance between the genders and various educational subgroups, within the control group, the latter being representative of the elderly Malaysian population. The educational background, similar to previous reports [14] [15] [16] [17] , significantly affected the M-MMSE performance in this study. In males, the mean M-MMSE scores improved progressively with improvement in the educational levels from primary to tertiary. For females, however, primary education was a significant determinant of M-MMSE performance, as having higher than primary education, resulted in significantly higher scores. However, gender and educational levels did not affect the M-MMSE performance in the dementia group.
Another finding worth emphasizing is that males performed significantly better in all 3 versions of the M-MMSE compared to females. Interestingly, when stratified by educational levels, this significant gender difference in the M-MMSE performance persisted only in the patients with the lowest educational background. Significant ethnocultural and gender differences in MMSE scores among patients with low educational levels have been reported previously [13, [16] [17] . One such study, conducted in a multiethnic population in Singapore, showed that ethnic differences in MMSE only occurred in patients with the lowest educational background [13] .
Perhaps this can be partly explained by the fact that those with the lowest educational background are less influenced by global changes in health perception as a result of improved education; therefore, maintaining their unique gender and cultural values, resulting in genuine gender-, ethnic-or culture-based differences in MMSE performance.
Based on Cronbach's ␣ , all items of the M-MMSE except naming had significant discriminatory values in differentiating those with and without dementia. Although we did not perform the test-retest reliability, the ␣ coefficients for all 3 versions, even after adjusting for gender, were 1 0.70, implying that these instruments are valid and reliable as a screening tool for dementia in our population. For all 3 versions, the item 'naming' had a very low correlation and perhaps should be removed from the scale. Comparing the 3 versions across various educational subgroups, the internal consistency was highest for M-MMSE-7 and M-MMSE-3 for both genders, with ␣ coefficients of 1 0.70. Similarly, a study comparing 3 scoring methods of MMSE (serial 7s only, spelling backwards only and serial 7s or spelling, whichever is higher) in 2 ethnic subgroups in America found that not only the internal consistency and coefficient of variation varied significantly between the 3 methods, but the ␣ coefficients were also highest with the serial 7s only method. The authors therefore proposed the use of the serial 7s only method in their population [18] . In our population, based on favorable ␣ coefficients across educational subgroups and gender, we suggest the use of the serial 7 or serial 3 MMSE as the first choice followed by the spell backwards method.
The optimal cutoff scores for all 3 versions of the M-MMSE used in this study were much lower compared to [19] , while in Swiss elderly outpatients, a cutoff score of 26 was 74% sensitive and 100% specific for the diagnosis of dementia [4] . These observations further emphasize the need for each community to use their own validated versions of the MMSE. This study is limited by a number of factors. Firstly, although both rural and urban communities were sampled, there may still be regional bias in the sample population. Secondly, we were unable to study the implication of the duration of dementia for the cutoff scores, as data on the duration of dementia were not recorded. Thirdly, due to an inhomogeneous distribution of subjects within each gender-education subgroup, combined gendereducation ROC analyses were not performed. Lastly, although only subjects fluent in Malay were recruited, we cannot fully exclude language preference bias, as there were more Malays in the control group.
In summary, this is the first validation study of the Malay MMSE among the Malay-speaking community in Malaysia. This study proves that all 3 versions of the M-MMSE are valid and reliable in the screening of dementia among Malaysians, at different cutoff scores. Prior to screening, the patient's educational level should be ascertained. Since gender influences were only observed in patients with the lowest educational level (primary education or lower), gender-adjusted cutoff scores should be used when administering the M-MMSE in such patients. For males and females with a higher educational background, we propose a cutoff score ^ 21 for M-MMSE-7; for M-MMSE-3, we suggest a value of ^ 18, and for M-MMSE-S, the cutoff score is ^ 17. In view of the significantly different cutoff scores, it is crucial that these scales are not used interchangeably to avoid inaccuracies in the diagnosis of dementia in our population.
